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ABSTRACT

A determination
xanthate

was attempted
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in refractive
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I

I
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of the solubility
by measuring

solution

in saturation

the refractive

of that salt.

index effected

by adding

quantities

and of dubious

accuracy.

of zinc ethyl
index

The small increment
zinc ethyl xanthate

rendered

measurements

A calculated

value of

404 mg. per liter is indicated.
A second determination,
chemical
gave

method,

a result

with barium

using

quantitative

as an internal

standard,

of 472 mg. of zinc ethyl xanthate

I

spectro-

per liter.
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in modern
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one in which he

of well recognized

and the particle
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with xanthates

their floatability,

reactions

of the pulp

that is, collection
metrical

reagents

affect

to certain

The opposing

theory,
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of the flotation

solid particles

collection

solubility

that "All dissolved
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theory

of sulphide

avid, one
orient
influence

in an adlinear

flotation.

This theory of Ostwald's seems too involved to

be practical, and is therefore, usually omitted in the discussion of flotation theories.

In that the two main theories

thus far advanced are the chemical theory and the adsorption
theory, it seems that an evaluation of the solubilities of the
heavy-metal xanthates would be of use in proving or disproving
one of the two.
With this in mind, the Mineral Dressing and Chemistry
Departments of the Montana School of Mines have during the
past several years been investigating the solubility of the
heavy-metal xanthates in water by a variety of methods.
Fredrickson3• investigated the problem in the Mineral Dressing Department measuring the solubilities of lead, zinc and
copper ethyl xanthates by a spectrographic method, whereas
Seim,4. in the Chemistry Department, worked on the solubility
problem using altogether a different method.

He used electro-

metric methods to measure the solubilities of lead and zinc
ethyl xanthates.

The two particular methods of measurement

conducted by Seim were the conductivity method and the potentiometric method.

Fredrickson obtained results for zinc

ethyl xanthate which differ widely from those obtained by
either gravimetric or electrometric methods.

He reported a

solubility of 14.83 parts of zinc ethyl xanthate per 100 parts
of water, whereas Taggart gave a solubility of 0.0335 parts
per 100.5• Seim's results seem to check themselves and
Taggart's fairly accurately, for he found that the solubility

3

was 0.03154
0.03841

parts per 100 by the electrometric

parts per 100 by the gravimetric

In view of these findings,
made with
possibly

the hope
clearing

of adding

during

attempt

solubilities

water using

a method

tion refractive
the solubility
internal

the present

the investigation.

which

investigation

to the experimental

work were covered

of the metal

correlated

and

method.

up some of the differences.

to obtain

method

data and
Two fields

xanthates

concentration

standard

method.

4

using

of

One was an
in

with

index and the other was a determination
of zinc ethyl xanthate

was

soluof

a spectrographic

REFRACTIVE INDEX METHOD
Measurement of the refractive index of a~ueous solution
of alcohols has long been used to ascertain the alcohol
concentration of such solutions.

It was believed that a

similar method could be worked out to ascertain the aqueous
solubilities of various metallic xanthates.

Rather unfor-

tunately the method was found wanting, not, it is believed
because of incorrectness of theory but rather because of the
inade~uacy of the equipment used to measure very small
changes in refractive index.
The original belief was that if an accurate measurement
of the refractive index of a saturated solution of an
almost insoluble salt could be obtained, then its concentration (solubility) could be calculated by a method given
below.

Therefore, the object of this present investigation

was to first obtain a workable graph from which could be
calculated the refractive index of the xanthate ion.

A

check on the experimental findings could be obtained by
calculating the refractive index to the xanthate ion from
atomic refractive indices.

As the refractive index is an

additive property6. the molecular refr ction could be
obtained by merely adding up the atomic refractive indices
of the different atomic constituents composing the xanthate
ion.

This figure would be the molecular refractive index

5

of the xanthate ion and if it che~ked reasonably well with
the experimental value found for the specific refraction
of the xanthate ion the figure could be assumed as correct.
It should be remembered that the specific refractive index
of the experimental findings must be transferred to the
molecular refractive index by mean s of the following
formula: 7.

When the refractive index of a solution of unknown
xanthate concentration is measured, that value is the sum
of the refractive index of the water plus the refractive
index of the xanthate ion.

The refractive index of the

water is a knovmquanti ty and can be subtracted from the
measured refractive index the remainder being the refroctive
index of the unknown amount of xanthate ion present.

This

quantity, which is a measure of the specific refractive
index of the xanthate ion, can now be transferred over to
a molecular refractive index by the use of the formula given
above.

The molecul r refractive index thus obt ined divided

by the molecular refractive index·of the xanthate ion is
a ~easure of the number of molecules present in the solution,
that is its concentration.
A series of solutions of potassium ethyl xanthate was
9repared, ranging in concentration from 0.5% to a saturated
solution.

11 saturated solution of potassium ethyl xanthate,

C~H50CSSK, was first prepared at 25° C and other concentra-

6

tions were obtained by dilution with water.
measurements were made at 25.00

c.

was necessarily used in measuring

,

All index

An Abbe refractometer

the refractive indices

of the more concentrated solutions, due to the fact that
the more accurate instrument, the dipping refractometer,
I

did not have the wide range of the Abbe.

This measurement

of the refractive indices of the more concentrated xanthate
solutions was inaccurate ~s compared to the measurements

,

on the more dilute solutions for the Abbe refractometer
gave readings accurate only to the fourth decimal place.
The readings of potassium ethyl xanthate solutions of less
concentrations were measured by the dipping refractometer,
which is accurate out to the sixth place.

The results

were compiled and are presented as curves in Figs. I and 2.
The measurement

of the refractive index of a saturated

solution of zinc ethyl xanthate was next attempted,

zinc

ethyl xanthate was chosen because of its relatively high
solubility compared with other heavy-metal xanthates.

The

method of preparing zinc ethyl xanthate is very simple
in that it is formed by a double decomposition
soluble salts.

A stochiometric

excess of potassium ethyl

xanthate dissolved in water was added to
zinc nitrate.

of two

solution of

The white zinc ethyl xanthate precipitBted

as a solid filtered and washed thoroughly with distilled
water.

A saturated solution of zinc ethyl xanthate was

made by intermittent

shaking of the solid material in

distilled water for a period of approximately

7

one hour.
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The solution was then filtered and the filtrate placed in
a 10cc. container which was placed in a constant temperature
bath adjusted to 25° C.

The refractive index was measured

in a dipping refractometer~

Check runs were made on freshly

prepared solutions to make certain that the correct reading
was obtained.

The refractive index of a saturated zinc ethyl

xanthate solution so obtained is nn ;::;
1.332868.

This is so

=

close to the refractive index of water, nD
1.332790, that
when plotted on a graph, the scale becomes so large to interpolate that changes in concentration as read by the dipping
refractometer are inaccurate.
Nevertheless, by assuming that the Zn ++ has the same
effect as K

+

in influencing the refractive index of water

(and in view of the lack of data no other assumption is
possible), computation from the data given yields a
solubility of 0.0404 parts of zinc ethyl xanthate per 100.
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Determination of the Solubility of Zinc
Ethyl Xanthate

in Water, using an

Internal Standard Spectrochemical Method
Originally the spectroscope was a qualitative instrument.
Introduction of photographic methods to integrate the light
dispersed by the instrument converted the spectroscope into
a spectrograph, and furnished a means of quantifying the
relative light energies of the elements in the light source.
From this to 'quantitative chemical analysis was a short step,
and today the spectrograph is widely used to determine the
quantity of minor constituents in metals, alloys, minerals,
etc.
Several methods are available for quantit tive work.
All depend upon the use of standard samples, either carefully analyzed chemically or synthetic, or upon the introduction of a known amount of an impurity to the sample of
unknown composition.

This last named method is called the

internal standord method, and requires correlation of line
intensity of the added impurity element with line intensity
of the element being investigated.
The choice of an internal standard is of the utmost
importance in a quantitative measurement

s performed in

this work for it is the relationship of the spectrum lines
of the standard and unknown that result in accuracy or
inaccuracy.

Two f ctors must be carefully watched.

111

First,

the internal standard line must not be greatly different in
wave length from the line of the element under investigation.
The reason is that photographic emulsions differ in response
to light of different wave lengths.

Second, the excitation

potentials of the lines used must be of reasonable similarity.

In the present problem barium, as barium chloride, was

used as the internal standard.

The lines used were barium

4934.086 with an excitation potential of 7.7 volts, and
zinc 4810.534 with an excitation potential of 6.6 volts.
Thus it is seen that the conditions required were reasonably complied with.
The measurement of the intensity of the lines is done
by means of a densitometer, so called becDuse it measures
directly the optical density of the lines. The instrument
used in this work was a Gaertner8• subjective-type densitometer, in which the density of the line is matched with a
calibrated neutral wedge of density ranging f'r-om
0 to 4.
(An optical density of 4 in this instrument is read as 100
scale divisions, a denSity of 0 is read as 0.)
In quantitative spectrum analysis it is assumed that
the intensity of a line of an element is proDortional to the
amount of the element present in the source.

For example,

the more zinc in the gas column of the arc, the greater the
intensity of the light emitted by the zinc lines, all other
variables such as excitation, voltage, amperage, etc.,
being held constant.

If then, we prepare a set of standards,

having a constant amount of one element (barium in this case)

and a Quantity of another (zinc in this case) which ranges
from a small amount to a relatively large amount, and photograph the spectra of the samples under otherwise identical
conditions, we will have a series of spectra in which the
Ba lines remain constant in density, but in which the Zn
lines range from low density to high density.

Measurement

of the densities of the zinc line and of the internal standard barium line, provided these lines are satisfactory as
to the conditions stated on page 9, gives us a set of
figures from which a "wo rk.Lng curve" may be established.
This is done by plotting the ratio of the densities of the
barium line to the density of the corresponding zinc line
against the per cent of zinc in each sample.
ing curve" is shown in Fig.

Such a ~work-

3.

To extend this method to samples containing unknown
quantities of zinc, all that is necessary is to add a known
quantity of barium to the samples, obt .in their spectra
under the same standardized conditions, measure the densities
of the apporpriate lines, obtain their ratiOS, and interpolate from the vworking curve~.
The object of this present investigation, as has
already been stated, was to measure the solubility of zinc
ethyl xanthate in water.

The spectrograph method called for

an internal standard which possessed very nearly the same
ave length and excitation potential as does the zinc.
standard which was chosen w s barium for reasons given
previously.

13

The

Two primary solutions were made up, one being a barium
chloride solution conta.ining 5.04 mg. barium chloride per
100 cc. water.

Throughout this entire investigation this

same barium chloride solution was used as the internal
standard~

The other solution was one containing zinc made

up from 17.56 mg. zinc oxide dissolved in nitric acid and
diluted to 100 cc.
100 cc.

This is equivalent to 14.2 mg. zinc per

As other determinations of the solubility of zinc

ethyl xanthate gave results in the neighborhood of 300 mg.
per liter, equivalent to approximately 6.4 mg. zinc per
100 cc., this standard zinc solution served to ubracketU
the anticipated concentration.
As a test run, the zinc and barium solutions were combined to permit the zinc concentration to remain constant
and the barium concentration to range considerably.

In this

way it w s expected to obtain the best concentration of
barium, that is, one which would produce a line of such an
intensity that when compared with the zinc line a good
ratio could be obtained.

It was found as a result of these

experiments that the most desirable set-up was to have a
charge consisting of 5 cc. of the zinc solution, 3 cc. of
the barium chloride solution, the whole being diluted to
10 cc. with distilled water.

It was also found that suc-

cessive chargings of the mixture in the electrodes followed
by drying and recharging some twenty times was necessary
to obtain lines of sufficient denSity.

With these pre-

limin ry runs to determine the number of ch r es and

14

approximate solution concentrations the initial part of
the investigation proper was started.
Five standard solutions were prepared, each one having
a slightly different zinc concentration, the barium chloride·
concentration remaining the same.

These. solutions were made

up as follows:
Table I
10cc
10cc
10cc
10cc
10cc

A
B
C
D

E

of
of
of
of
of

mg
mg
mg
mg
42.4 mg

10.6
15.8
21.2
31.7

ZinC!lOOCC!
zinc!lOOcc
zinc!lOOcc
zinc/lOOcc
zinc!lOOcc

To each of these solutions
6cc standard BaC~ solution
plus 4cc ~O were added.

Along with these standard solutions a saturated solution
of zinc ethyl xanthate was prepared.
a solution is described on page 6.

The preparation of such
It was found during the

investigation that considerable care had to be exercised to
,

prevent hydrolysis of this solution with consequent precipitation of zinc hydroxide.

Hydrolysis was eliminated over

the period required to run a set by keeping the solution in
the dark and at temperatures below 18° C.

It was also

noted that in the preparation of these saturated solutions,
attainment of saturation equilibrium took considerble

time.

Two supposedly saturated solutions were preuared, one being
const ntly agitated for a period of one hour and then filtered,
the other agitated for about an hour then left undistrubed
for twen~-four
hour.

hours and again agit ted for a oeriod of one

This last solution had a greater condentration of

zinc as measured by the spectrogr ph, thus denoting a more

15

nearly saturated solution in this case.

With longer treat-

ment periods, the concentration remained constnnt.

Of this

saturated solution, 10cc were taken and mixed with 6cc of
barium chloride and 4cc distilled water~

This comorised

the Q~known solution which was to be used in determining
the zinc concentration of a saturated solution.
Five ele~trodes were prepared, each cont ining the zinc
ethyl xanthate solution with the barium internal stondard.
Ten other electrodes c:o.rriedthe standard zinc-barium
sampl e s for determination of the "wor-ki.ng curvet' •

Each

electrode was successively filled with the appropriate
solution and dried some twenty times.

The spectra of all

sam81es were than.recorded, using a Wadsworth grating
spectroscope.9•
The operation of the spectroscope is purely mechanical
and does not r equlre any skill other than care in its
operation.

However, after once having exposed the film, the

art is to develop it in,such a way that detrimental photographic effects will be minimized.

A developer must be

chosen which will give good contrast with the particular
kind of film being used.

In the present work, 35mm Eastm n

panatomic-X film was used, exposures were of the order of
2 minutes, and the spectrograms were brush developed in'

D-19 developer for 5 minutes at 65° F

Brush development

was employed to eliminate the Eberhard effect.

Developed

film was fixed for 10 m nutes, washed for 10 minutes and
then dried.

16

Next, the positions of the Be and Zn lines which were
employed in the investigation were marked, and their densities measured on the densitometer.

The results are given

in Table II.
Table II
Zinc Concentration

.,

Densities
Ba line Zn line
0

4934 Ii
132.4 mg/liter
106.0 mg/liter
79.4 mg/liter
53.0 mg/liter
26.5'mg/1iter
Unknowns

39.1
46.1
43.1
44.1
42.3
46.9
47.5
48.1
46.9
4,8.9
.52.5
54.4
54.4
55.0
55.4

Ratio
Densities
Ba/Zn

0

4810

A

26.6
31.8
31 ..
1
32.8
33.8
37.5
42.4
42.4
42.9
45.1

1.47
1.45
1.405
1.345
1.25
1.25
1.12
1.135
1.09
1.085

38.5
41.6
41.6
41.1
41.6

1.365
1.31
1.31
1.34
1.33

Aver2ge
Ba/Zn
1.46
1.38
1.25
1.1:27
1.087

1.331

In the data presented, the first ten readings are duplicate results of the standard solutions.
plotted on a graph and found to fallon
this comprising the TIworking curve'.

These results were
a straight line,

To find the zinc con-

'centration in the unknown solution all th t is necessBry
is to t ke the average Ba!Zn reading obt ined for the solutions of unknown concentration and interpol te the zinc
concentration directly from the curve.

This concentration as

seen from Fig. 3 is 100 mg. zinc per liter. This is

17

e~ i~alent to 472 mg. zinc ethyl xanthate per liter of
water or 0.0472 parts per 100.

18
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SUMMARY AND CONCLUSIONS

The findings of this investigation show that the
measurement of the concentration of an almost insoluble
heavy-metal xanthate by the use of the solutions refractive
index was of questionable accuracy.

The small increment

of refractive index change between a pure ~ater solution
and one saturated with zinc ethyl x nthate made it difficult to attempt any reliable measurements using the equipment av ilable.

The theory which promoted the experimental

work seems to be flawless.

If a more accurate me surement

of the refractive index could be made, it is believed that
the method would be satisfactory.
The spectrographic method, using an internal standard,
seems to be quite promising as a delicate method of me~sur-ing the solubilities of relatively insoluble salts in water.
The results found in this investigation show the solubility
of zinc ethyl xanthate to be 472 mg ..per liter.

This result

seems to be higher that those obtained by gravimetric methods,
which sho

334 mg. per liter.

Gravlmetric methods which

have been used at the Montana School of Mines consist in
taking to dryness a measured quantity of the saturated
xanthate solution, and in weighing the residue.

It is

extremely questionable whether such a method is qu ntitative,
it being quite possible for the zinc ethyl xanthate to
decompose during drying.

Hence, the results presented as

20

mgravimetric~ could be, and probably are, low.
Ffirther research using the spectrographic internal
standard method should give fairly accurate solubility
results for all the heavy-metal xanthates.

The procedure

for future investigations would be to choose an internal
standard having a wave length

nd excitation potential

approximating that of the element·to be measured.

Once

the internal standard is chosen, it would be an easy
matter to follow the procedure outlined in this paper.
Table III presents all available data on the solubility of zinc ethyl xanthate.

In spite of the basic

differences in methods used, the results agree remarkably well.
Table III
Taggart ...

«0

••••••••

«0

••••••

Cooke (gravimetric) .....••
8€im ~electrometric) ••..••
8eim gravimetric) •......•
McKenzie ~spectrOgraPhic).
McKenzie refr·ctive
index) -It •••••
.'

*

parts per 100.
0.0335
O. 0~'28 parts per 100.
0.03154 parts per 100.
0.03841 parts per 100.
parts per 100.
0.0472
0.404

parts per 100.

This is a calculated value obtained by

assuming that the xanthflte ion is alone responsible
for the change in refractive index and that the K+
and the Zn*have the same effect.
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